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(54) Power transmission drive system 



(57) A drive system comprising a driver pulley, a 
driven pulley (22), and a belt (10). The belt (10) has a 
pulley engaging surface (16) comprised of a plurality of 
transversely extending self-tracking teeth (1 8). The driv- 
en pulley (22) has a non-grooved, crownless belt engag- 



ing surface (24). The material (20) forming the pulley 
engaging surface (1 6) of the belt (10) having a relatively 
low coefficient of friction, and the material (28) forming 
the belt engaging surface (24) of the driven pulley (22) 
having a relatively high coefficient of friction. 
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Description 

Field of the Invention 

5 [0001] The present invention is directed to a pulley and belt combination and a drive system incorporating the pulley 
and belt. 

Background of the Invention 

10 [0002] Pulley and belt combinations are well known and there are many different types of belts and many different 
combinations of belts and pulleys. The belt application typically determines the belt construction, while the belt con- 
struction is a factor in the pulley construction. If the inner face of the belt is comprised of teeth, then the outer face of 
the drive pulley, which contacts the inner face of the belt, is conventionally formed with grooves corresponding to the 
tooth profile of the belt, For synchronous drive belts wherein the teeth extend laterally across the width of the belt, the 

'5 corresponding pulleys are provided with flanges to prevent the belt from travelling off of the pulley. For drive belts with 
self-tracking tooth profiles, i.e. a profile that results in the belt automatically tracking to one position on the correspond- 
ingly grooved pulley, the pulleys do not require flanges to restrain the axial movement of the belt. If the inner face of 
the belt is toothless, then the outer face of the pulley is correspondingly grooveless. 

[0003] A simplistic description of a timing belt system is that the system consists of a toothed timing belt, a driver 
20 pulley which is powered to drive the timing belt, and a driven pulley about which the timing belt travels. To reduce tooth 
abrasion of the belt, and improve belt wear and belt life, the coefficient of friction between the belt and pulley is reduced 
as much as possible. A low coefficient of friction does not alter the performance of the drive system, as the belt is 
driven, not by friction, but by the positive engagement between the timing belt and pulley teeth. Conventionally, the 
surface material of the driven pulley, the non-powered pulley, is also selected for a low coefficient of friction between 
25 the belt and the pulley, and again, the belt is driven by the engagement between the belt and pulley teeth. In such a 
timing belt system, it is easy to achieve the desired coefficients of friction between the timing belt and both of the pulleys 
since the entire system is predominantly driven by the positive engagement of the mating surfaces of the belt and 
pulleys. 

[0004] However, to achieve the goals of reduced space and minimized noise in a drive system, the present invention 
30 utilizes both a toothed driver pulley and a flat toothless driven pulley with a timing belt. It is known to drive a synchronous 
drive belt on a driven pulley that has no corresponding grooves. However, to maintain the belt on the pulley, the pulley 
is provided with either flanges to restrain the lateral edges of the belt or the pulley is provided with a crowned surface 
to encourage the belt to travel along the central portion of the pulley (see US-A- 4,979,928 and 4,589,861 ). A combi- 
nation of flanges and a crowned pulley surface may also be used to restrain the belt as it travels about the pulley. 
35 Additionally because of the reduced contact between the toothed belt surface and the grooveless pulley surface, the 
belt and pulley combination is provided with enough wrap to enable the drive pulley to properly drive the belt. Another 
way to achieve the proper torque in the drive system is to modify the belt surface for an increased coefficient of friction. 
However, in the present invention the belt surface must be formed from a material that provides a low coefficient of 
friction with the driver pulley surface; creating conflicting requirements for the construction of the belt. 
40 [0005] GB-A-2 158 180 discloses a belt drive arrangement wherein pulleys are driven off both the front and the back 
of a toothed belt. The belt contact surface of the back driven pulley is provided with a rubber material to produce a 
high coefficient of friction between the pulley surface and the material of the toothless back of the belt. However, the 
inside surface of the belt is provided with teeth to provide a positive engagement with a corresponding grooved drive 
pulley. 

45 

Summary of the Invention 

[0006] The present invention is directed toward a drive system comprising a drive belt, a driven pulley, and a driver 
pulley wherein the combination is modified to minimize noise when in operation. 
50 [0007] The belt has a pulley engaging surface which contacts both the surface of the driver pulley and contacts the 
belt engaging surface of the driven pulley. The driven pulley has a non-grooved, crownless belt engaging surface. 
[0008] In an aspect of the invention, the material forming the pulley engaging surface of the belt has a relatively low 
coefficient of friction, and the material forming the belt engaging surface of the driven pulley has a relatively high 
coefficient of friction. 

55 [0009] In another aspect of the invention , the material forming the pulley engaging surface of the belt has a coefficient 
of friction of not more than 0.45. 

[0010] In another aspect of the invention, the material forming the belt engaging surface of the driven pulley has a 
coefficient of friction of 0.45 or greater. 
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Brief Description of the Drawings 

[0011] The invention will be described by way of example and with reference to the accompanying drawings in which: 
FIG. 1 illustrates asynchronous drive belt; 

FIG. 2 is a cross-sectional view of a drive belt wound about a pulley; and 
FIG. 3 is a side view of a drive belt wound about a pulley. 

Detailed Description of the Preferred Embodiments 

[0012] FIG. 1 illustrates a synchronous drive belt 10 made of a resilient elastomer and reinforced with a longitudinal 
tensile member 12 comprising cords of a high elastic modulus. The cords 12 may be made from glass fiber, carbon 
fiber, steel, polyester, high tenacity rayon or preferably, polyaramide. The elastomer used to form the body 14 of the 
belt 10 maybe any one of those known to be suitable for use in such belts, e.g., polychloroprene, polyurethane, NBR, 
MR, IR, SBR, CSM, EPDM, other thermosets, thermoplastic elastomers, and other polymer alloys. 
[0013] The inside surface 16 of the belt 10 maybe reinforced with an abrasion resistant fabric (not illustrated), de- 
pending upon the end use of the belt 10. The inside surface 16 of the belt 10 has a series of self-tracking teeth 18. 
The teeth 18 may be formed in a v-pattern or an angled offset pattern. Preferably, the inside surface 16 is provided 
with at least two transversely adjacent rows of teeth 18 which are at oppositely balanced oblique angles to the longi- 
tudinal direction L of the belt 1 0 and wherein the centerlines of the teeth 1 8 in the adjacent rows are offset from each 
other by a distance of up to 10% to 90% of their pitch. That is, preferably, the teeth 18 on the inside surface of the belt 
1 0 have a configuration similar to that disclosed in US-A- 5,209,705. The corresponding configuration of the belt teeth 
1 8 and the grooves formed on the driver pulley minimizes noise of the belt and pulley combination when in operation 
in comparison to other known belt configurations. 

[0014] The inside surface 16 of the belt is also known as the pulley engaging surface of the belt 10. In the present 
invention, the material 20 comprising the outermost surface of the pulley engaging surface 16 of the belt has a low 
coefficient of friction. The material 20 has a coefficient of friction of not more than 0.45. Materials include, but are not 
limitedto, high density polyethylene, halogenated rubber, polyvinyldienefluoride, or any of these materials compounded 
with friction modifiers such as Teflon, graphite, or molybdenum disulfide. 

[0015] As previously discussed, the belt surface 20 should have a low coefficient of friction between itself and the 
surface of the driver pulley; this should preferably be in the range of 0.20 to 0.45. In the present invention, the timing 
belt 10 is wound around both a driver pulley and a driven pulley. The driver pulley is of the conventional construction, 
having a tooth configuration mating with the tooth configuration of the belt, and for the illustrated belt 10 the driver 
pulley has the configuration as disdosed in US-A- 5,209,705. Dissimilarfrom conventional drive systems, in accordance 
with the present invention, to reduce noise and space within the drive system, the driven pulley is toothless, as illustrated 
in FIGS. 2 and 3. 

[0016] The driven pulley 22 has a belt engaging surface 24. The belt engaging surface 24 is flat, i.e. crownless. To 
minimize the space requirements of the drive system, the driven pulley 22 is also flangeless. The body 26 of the driven 
pulley 22 may be formed from conventional metal, thermoplastic, or thermosetting materials. With the crownless and 
flangeless driven pulley, a high coefficient of friction, preferably 0.45 or greater, between the belt engaging surface 24 
of the driven pulley 22 and the pulley engaging surface 20 of the belt 10 is desired. Since the belt surface 20 must also 
achieve a low coefficient of friction with the driver pulley (not illustrated), the desired results can only be achieved by 
particularly selecting the material 28 which forms the belt engaging surface 24. 

[0017] The surface 24 of the pulley 22 is coated with a material 28 having a high coefficient of friction. The material 
28 has a coefficient of friction of 0.45 or greater. The material 28 should maintain a high coefficient of friction even after 
prolonged use and under high working temperatures. Any thermoplastic, elastomer, or thermoplastic elastomer which 
has a coefficient of friction greater than 0.45 will be suitable for the present invention. 

Comparison Testing 

[0018] Two different self-tracking belts were manufactured. The first belt was prepared with a high density polyeth- 
ylene tooth surface material, the material having a dynamic coefficient of friction of 0.40. The second belt was prepared 
with a tooth surface material having a dynamic coefficient of friction of 0.29. Both belts were first run on a drive system 
having a grooved driver pulley and a grooved driven pulley, the tooth patterns of the pulleys corresponding to the tooth 
configuration of the belt. The driven pulleys were not provided with any coating material for increased coefficient of 
friction; thus the surfaces had a static coefficient of friction corresponding to the materials forming the pulley bodies. 
For this test, the pulleys were formed from aluminum, thus having a low coefficient of friction, as would be conventionally 
desired. The noise characteristics of the drive system were determined. 
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[0019] Crownless and flangeless, non-grooved driven pulleys were also prepared. The belt engaging surfaces of the 
pulleys were coated with a high coefficient of friction coating material. The two differently coated belts were run on the 
coated pulleys. The same driver pulleys were used as in the previous systems tests. The noise characteristics of the 
drive system were determined. 

[0020] For each of the tests run, the drive system was operated at 760 rpm with a tooth engagement frequency of 
1342 Hz. The noise at tooth engagement frequency was measured with a microphone and a sound meter at a distance 
of two inches (5.08 cm) from the center span of the belt. 





System 1 


System 2 


System 3 


System 4 


Belt Facing Material 


HDPE 


Solef 1 


HDPE 


Solef 1 


Coefficient of Friction 


0.40 


0.29 


0.40 


0.29 


Driven Pulley 


Grooved 


Grooved 


Non-grooved 


Non-grooved 


Pulley Coating 


None 


None 


Santoprene 2 


Santoprene 2 


Coefficient of Friction 


NA 


NA 


0.47 


0.47 


Noise at Tooth engagement frequency, dB 


74.9 


82.7 


79.2 


70.8 


Total Noise, dB 


86.9 


88.3 


87.7 


86 



1 Solef®: polyvlnyldiene fluoride available from Solvay. Brussels, Belgium. 

2 Santoprene®: EPDM and polypropylene blend available from Advanced Elastomer Systems, Akron, Ohio, USA; Shore A hardness range 35-80. 



[0021] System 1 is what may be considered a conventional drive system, having both uncoated grooved driver and 
driven pulleys. As discussed above, the coefficient of friction between the driver pulley and the belt is within the range 
of 0.20 to 0.45. The belt facing material is a conventional HDPE having a coefficient of friction that results in reduced 
abrasion of the belt. The noise at the tooth engagement frequency was 74.9 dB and total noise forthe three component 
system was 86.9 dB. 

[0022] System 2, with grooved driven pulley, was modified by forming the belt surface with a lower coefficient of 
friction material, though the coefficient of friction between the driver pulley and the belt is still within the desired range 
of 0.20 to 0.45. The noise at the tooth engagement frequency was 82.7 dB, with total noise of 88.3 dB; an increase in 
the tooth noise of about 10%, and an increase in the total noise of almost 2%. 

[0023] System 3 was comprised of the belt formed with a conventional belt surface material and was instead run on 
a driven pulley coated with a high coefficient of friction material. The noise level at the tooth engagement frequency 
increased by about 5.5%, with a total noise increase of just under 1 %. The interaction between the belt coating material 
and the pulley coating material increased the noise level at the tooth engagement frequency. It is believed that this is 
caused by the similarities in the two materials. The only difference between the Santoprene, a mixture of EPDM and 
polypropylene, and HDPE, a polyethylene, is the one carbon atom in the length of the monomer. When the materials 
contact, a Velcro-like action takes place, resulting in an increase in noise. While the total noise of System 3, as compared 
to the conventional System 1 , is acceptable for the present invention, as the goal of reducing drive system space with 
a flangeless driven pulley is achieved, reduced noise at the driven pulley is also desired. 

[0024] System 4 used a low coefficient of friction material for the belt coating and a high coefficient of friction for the 
surface of the crownless pulley. The system had a decrease in noise at the driven belt of almost 5.5%, and a total noise 
reduction by just over 1 %. System 4 achieves both desired goals; reduced space and reduced noise. 

Claims 



A drive system comprising a driver pulley, a driven pulley (22), and a belt (10), the belt (1 0) having a pulley engaging 
surface (16) comprised of a plurality of transversely extending self-tracking teeth (18), and the driven pulley (22) 
has a non-grooved, crownless belt engaging surface (24), the combination being characterized by: 

the material (20) forming the pulley engaging surface (1 6) of the belt (1 0) having a relatively low coefficient of 
friction; and 

the material (28) forming the belt engaging surface (24) of the driven pulley (22) having a relatively high co- 
efficient of friction. 



2. A drive system in accordance with claim 1 wherein the driven pulley (22) is flangeless. 
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A drive system in accordance with claim 1 wherein the material (20) forming the pulley engaging surface (16) of 
the belt (10) has a coefficient of friction of not more than 0.45. 

A drive system in accordance with claim 1 wherein the material (28) forming the belt engaging surface (24) of the 
driven pulley (22) has a coefficient of friction of 0.45 or greater. 

A drive system in accordance with claim 1 wherein the drive pulley and the belt (10) have a dynamic coefficient of 
friction of 0.20 to 0.45. 

A drive system in accordance with claim 1 wherein the driven pulley (22) and the belt (1 0) have a dynamic coefficient 
of friction of 0.45 or greater. 
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